Introduction
Emergency ambulance services play an integral role in the time-critical management of acute stroke victims. Paramedic identification of patients suspected of suffering a stroke is crucial to enable priority transport of the patient to an acute stroke centre (1) . In addition, pre-hospital notification enables rapid referrals from emergency department (ED) staff to stroke teams and rapid access to imaging (2-4). The time from onset of symptoms to definitive diagnosis and treatment is important: less than 3 hours has been shown to improve patient outcomes (4) (5) (6) (7) (8) (9) . Patients transported by ambulance are more likely to arrive at an ED within 3 hours compared to those brought to the ED by other modes of transportation (5, 10, 11) . For example, Kothari et al. (10) found transport of patients by ambulance (OR 4.0, 95% CI 1.3-12.1) and those of Caucasian race (OR 3.5 95% CI 1.3-10) were independently associated with ED arrival with 3 hours of symptom onset.. Transport by ambulance was also important in the Iosif et al. study (5) that reported 41% of 907 patients were transported by ambulance and 12% of those arrived within 3 hours at the hospital from the time of symptom onset. Other factors significantly associated with early arrival at the hospital were age, living with a friend and educational level (5) . In Australia in 2013, 80% of patients with suspected stroke were transported to hospital by ambulance: 49% arriving within 3 hours and 58% arriving within 4.5 hours of stroke onset (12) . Of patients not transported by ambulance only 34% arrived within 4.5 hours (12) .
Identification of stroke can be difficult in the pre-hospital setting because it is not consistently defined in clinical practice or research, the wide variation in stroke presentation and the lack of discriminatory ability of pre-hospital diagnostic tools (13, 14) . For example, stroke scales use different selection criteria to define stroke (13, (15) (16) (17) (18) . Nevertheless, the introduction of stroke screening tools, such 'FAST (Face, Arms, Speech, Time), have improved paramedic identification of stroke (13, 16, 17, 19) .
Few studies have examined how well stroke is identified by ambulance paramedics in Australian pre-hospital settings and compliance with stroke clinical practice guidelines (17, 20) . We aimed to: a) examine how well stroke is identified by paramedics with the ED discharge diagnosis used as the comparator; and b) assess compliance with the ambulance clinical practice guidelines. This information is important to inform pre-hospital clinical practice.
Methods

Study design
A retrospective cohort study of prospectively collected ambulance data from 1 July 2012 to 30 June 2014 was linked to an ED database using probabilistic and deterministic data linkage and manual checking (21) . 
Setting
All road-based emergency ambulance services in Western Australia (WA) are provided by a single ambulance service provider -SJA-WA. There are nine public EDs in the Perth metropolitan area, one of which is dedicated to paediatric patients, and one private ED. Of these, three tertiary hospitals and one secondary hospital have stroke units. The emergency ambulance service is staffed by paramedics trained in providing a range of clinical interventions including advanced life support. Paramedics record clinical data including patient details, clinical assessment and treatment given, on an electronic patient care record (ePCR) that is uploaded in real time to the ambulance server. The computer-aided dispatch data is also uploaded and combined with the ePCR data to form a single ambulance database. Paramedic-assigned problem urgency is based on the Australasian Triage Scale (ATS) (22) . The five ATS categories are: '1' resuscitation (lights and sirens), '2' emergency, '3' urgent, '4' semi-urgent and '5' non-urgent. An ambulance bespoke problem code is assigned by paramedics for what they believe to be the principal presenting problem, eg. problem code '312' for stroke. The SJA-WA clinical practice guidelines (CPG) (19, 23, 24) guide paramedics' clinical practice. The CPG require paramedics to use the FAST test to assess for signs and symptoms of stroke (19) . The FAST test has three criteria: Facial movements to assess symmetry, Arm movements to assess strength difference and arm drift, and Speech assessed for new disturbances. The 'T' in FAST signifies the importance of time for patients having a stroke. Patients fulfilling two or three FAST criteria are considered 'FAST positive' and to be suffering a stroke (19) . Patients should be fast-tracked onto acute stroke bypass, ie. transported to a facility with an acute stroke service and the receiving ED pre-notified if (a) at least two of the three FAST criteria are identified; (b) the time from onset of symptoms to arrival at an acute stroke service would be less than 3 hours under priority '2' conditions (emergency, no lights and sirens) and (c) the patient's blood sugar level is 4-22 mmol/L (1). Where bypass criteria are not met, paramedics transport the patient to the nearest ED. Stroke bypass is disregarded if there is seizure activity or airway compromise because transport to the nearest ED is vital (19) .
Population
All emergency patients aged 45 years and over (25, 26) identified from the SJA-WA database were included if transported by a road ambulance to one of the eight public adult EDs in the Perth greater metropolitan area. Patients with suspected stroke were those assigned the problem code '312' by paramedics. Transient ischaemic attack (TIA) had a different problem code. Rural patients were excluded because ePCRs were not used and ambulances are usually staffed by volunteer ambulance officers, not paramedics. Patients transported by air medical services, or transfers, eg. medical practitioner referral or clinic appointments were also excluded.
Procedures
Two data sources were used: the SJA-WA database contains patient, service and clinical information from the ePCR; and the ED Information System (EDIS) data (27) . The EDIS is available from seven of the eight adult, metropolitan, public hospital EDs (93% of the SJA-WA transports to Perth public hospital EDs, unpublished data). Only those that used the EDIS were included in the comparisons of paramedic and ED-identified stroke, as per a previous study (28) . The EDIS contains patient demographic information, admission, transfer and discharge destination and time-tracking information. The principal clinical diagnosis, mapped to International Classification of Disease Version 10-Australian Modification (ICD 10-AM) codes (29), is a mandatory EDIS field and is entered by ED medical staff on patient discharge from ED. The ICD 10-AM codes used for the ED discharge diagnosis of stroke were I60.9, I61.9, I62.0, I62.9, I63, I64 and I66.9 but not G45.4 (transient global amnesia) or G45.9 (TIA) (30) .
Outcome measures
The primary outcome was sensitivity, ie. the proportion of ambulance service patient episodes with an ED discharge diagnosis of stroke who were 'correctly' identified as stroke by the paramedics. Secondary outcomes were PPV, the proportion of patients identified as stroke by paramedics who also had an ED discharge diagnosis of stroke; negative predictive value (NPV), the proportion of patients for whom stroke was not recorded by paramedics and not identified in EDIS as stroke; and specificity, the proportion of patients without an EDIS diagnosis of stroke who also did not have stroke recorded by paramedics. Compliance with SJA-WA CPG were assessed by the proportion of cases assessed by FAST and transport to a stroke unit.
Data analysis
Cohort characteristics were described as appropriate for the data: mean and standard deviation (SD) or median and interquartile range (IQR) for continuous variables and proportions for categorical variables. Continuous variables were compared by t-tests if normally distributed or Mann Whitney tests if not normally distributed, categorical variables with chi-square. The variables included: pre-hospital variables -pre-hospital triage, paramedic triage assessment (problem urgency), problem codes identified by paramedics, pre-hospital observations and treatments received; ED variables -ED discharge diagnosis (ICD-10 AM), ED discharge destination. The ED discharge diagnosis was used as the 'gold standard' for stroke. A two by two table was used to calculate PPV, NPV, sensitivity and specificity. Cases transported to ED by ambulance and identified as stroke in EDIS were used for the calculation of sensitivity. Paramedic-identified stroke cases in the ambulance database were used for the calculation for PPV. The calculation of the specificity and NPV included all ED cases transported by the ambulance service in the denominator -not just those with stroke. Text descriptions of the patients' signs and symptoms recorded by paramedics were extracted from the SJA-WA database using statistical software and examined for documentation of FAST criteria. The IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp. Released 2012. Armonk, NY: IBM Corp.) was used for the statistical analysis.
Results
During the study period 2217 patients met the selection criteria (Figure 1 ). Of these, 51% were female. The median age was 80 (IQR 71-86) years. Seizures were reported by paramedics for 61 cases (3%). Falls were reported in 423 patients (19%). Overall 1742 (79%) were transported to hospital as problem urgency '1' or '2'. The median time from SJA-WA call-takers answering the call to arrival at ED was 51 (IQR 42-62) minutes. Seventy-one percent of patients (n=1,578) were transported to one of the three tertiary hospitals, 163 (7%) to the secondary hospital with an acute care stroke unit, 467 (21%) to other secondary hospitals and nine to private hospitals (0.4%). There were 121 (5%) patients that could not be linked to EDIS: 110 patients transported to the public hospital with no EDIS facility, two to a tertiary hospital and not linked to EDIS, and nine transported to private hospitals. Age was slightly older (median 82, IQR 73-86 years) and there were more females (69%) than patients with EDIS records. The ED discharge disposition for 2096 patients identified as stroke by paramedics and who had EDIS data: 87% of patients were admitted, 3% transferred to another health care facility, 9% discharged/left at own risk and 0.7% died in ED.
ED-identified stroke
During the study period 1834 patients who were transported to the ED by ambulance had an ED discharge diagnosis of stroke. Of these patients identified as stroke in the ED, 958 patients were also identified as stroke by paramedics (ambulance problem code 312), ie. a sensitivity of 52.2% (95% CI: 50.0-54.5%). The PPV was 45.7%, NPV 99.5% and the specificity 99.4%. Of the 876 patients not identified as stroke by the paramedics, 129 patients (7.0%) were identified as TIA and 284 (15.5%) as having another neurological condition. The problem codes assigned by paramedics to the EDidentified stroke cases are shown in Table 1 . Problem urgency was assessed by paramedics as '1' or '2' in 88% of patients identified as stroke by both paramedics and in ED and 55% in those identified as stroke in ED only. For patients identified as stroke by paramedics and in ED, 86% were transported to a hospital with a stroke unit. For those identified only in ED, 75% were transported to a hospital with a stroke unit. 
Paramedic-identified stroke
Of 2096 patients with an EDIS record and transported to ED by SJA-WA with suspected stroke (problem code 312), 958 also had an ED discharge diagnosis of stroke (PPV 45.7%, 95% CI: 43.6-47.8%). In addition, 334 patients (16%) identified by paramedics as stroke had an ED discharge diagnosis of TIA (ICD-10-AM code G45.9). The ED discharge diagnoses for patients identified as stroke by paramedics are shown in Table 2 . Other cerebrovascular conditions and neurological conditions accounted for another 10% of the ED discharge diagnoses. Problem urgency was assessed by paramedics as 1 or 2 in 88% of patients identified as stroke by both paramedics and in the ED and 72% for patients not identified only by paramedics. Patients identified as stroke by paramedics and in ED were transported to a hospital with a stroke unit in 86% of cases while 80% of those identified only by paramedics were transported to a hospital with a stroke unit. Discharge disposition of patients identified as stroke by paramedics and in the ED compared to patients not identified as stroke in the ED was: admissions 91% versus 81%, transfers 5% versus 3%, discharges 2% versus 16% and deaths 1.7% versus 0.2% (p<0.001). Two patients identified as stroke by both paramedics and in ED and one identified only in the ED left at their own risk. No difference was found in seizure activity in the ambulance between patients identified as stroke by both paramedics and in the ED (n=13) and those whose stroke was not identified in the ED (n=44, p=0.24).
Compliance with ambulance clinical practice guidelines
Examination of the ePCR text fields revealed no consistent method used by paramedics to document the signs and symptoms of stroke on the ePCR. The word 'FAST' was documented in 42 cases (2%). Paramedics recorded signs and symptoms consistent with the FACE criteria of FAST in 1174 (53%) patients, the ARM criteria in 1,161 (52%) patients and the SPEECH criteria in 1,064 (48%) patients. For patients with no EDIS record, paramedics documented symptoms consistent with FACE (47%), ARM (49%) and SPEECH (39%), lower than those reported for patients overall. There were 1154 (52%) patients with two or three FAST criteria, of whom 81% were transported as problem urgency '1' or '2', and 80% were transported to a hospital with an acute stroke unit.
Of the patients identified as stroke in the ED and identified by paramedics, 118 (19.7%) patients had no FAST criteria documented on the ePCR by paramedics, 262 (52.8%) had one FAST criterion and 578 (78.5%) had two or three FAST criteria documented (Figure 2 There was no difference in the number of FAST symptoms zero or one versus two or three in transfers to a hospital with a stroke unit (52%) or no stroke unit (48%, p=0.22) for paramedic-identified stroke. For those not transported to stroke unit hospitals, 45% were identified as stroke by the ED physicians. The most common symptom documented was facial symptoms (87%).
For patients identified as stroke by paramedics and in the ED, 121 (33.6%), 273 (41.4%) and 564 (52.4%) had zero, one or two to three FAST criteria documented by paramedics respectively compared to 239 (66.4%), 387 (58.6%) and 512 (47.6%) in those identified as stroke only by paramedics ( Figure 3 ). The PPV was 33.6% (95% CI: 28.7-38.5%), 41.4% (95% CI: 37.6-45.1%), 52.4% (95% CI: 49.4-55.4%) for patients with zero, one or two to three FAST criteria.
Discussion
Over a 2-year period, 1834 cases had an ED discharge diagnosis of stroke and were transported by the ambulance service to the ED. Of these, 958 (46%) were also identified as stroke by paramedics. A further 7% of patients were identified by paramedics as TIA and 15% as other cerebrovascular conditions or neurological conditions. For 2096 patients assigned the problem code for stroke by paramedics, 1138 (52%) patients were not identified as stroke in the ED.
Identifying stroke patients is difficult in the pre-hospital setting and the rates of pre-hospital stroke identification are variable. Studies have reported a higher accuracy of stroke identification by paramedics (31, 32) than those found in this study while others report lower rates (33, 34) . Conditions that mimic the symptoms including TIAs were often included in those studies that may account for some of this variability. The ICD-10-AM codes and the paramedic-assigned problem codes for stroke do not include TIAs. Studies have also found up to 25% of patients with atypical stroke symptoms have a stroke mimic. Furthermore, identifying stroke within the first few hours is particularly difficult if signs and symptoms are unclear, eg. patient is comatose or has dysphasia, confusion, atypical or changing signs and symptoms, or is unable to illicit a past medical history (35, 36) . A balance is needed between under-and over-triage. Not identifying cases of stroke (undertriage) may impact on administration of time-critical treatment and lead to poorer outcomes. Over-triage may impact on ambulance and other health service resources not being available to be used most effectively.
Stroke scales have been shown to improve outcomes but they use different selection criteria such as age restriction (26, 37) , patients wheelchair bound or bedridden at baseline (26), history of seizures or epilepsy (26) , onset of symptoms >24 hours (26), Glasgow Coma Scale score <10 (16) , and blood sugar levels (4-22 mmol/L, <4 mmols/L) (16, 26) . This study was restricted to patients aged 45 years and older based on other stroke scale exclusion criteria (26, 37) and because the documentation in the ambulance data to detect stroke mimics was inconsistent.
A systematic approach to clinical assessment and documentation improves paramedic identification of stroke (20) and ultimately patient outcomes. Several pre-hospital stroke triage tools (15) (16) (17) (18) 26) have been developed to identify those patients most likely to benefit from acute stroke care. Implementing education programs and strategies such as mandatory fields for documentation of the stroke signs and symptoms of the specific FAST criteria in a drop down menu of the ePCR, a strategy that SJA-WA proposes to introduce shortly, are likely to lead to improvement in documentation in this area (17) . The ambulance service is also introducing the Rapid Arterial oCclusion Evaluation (RACE) scale (18) that will be used for patients who test positive for FAST to improve the identification of stroke (16, 26, 37) .
Accurate times of the onset of symptoms were poorly described on the ePCRs making it difficult to assess the 3-hour time window. Patients whose time of onset is unknown cannot have thrombolysis due to the uncertainty of whether they are within the treatment time-window (3, 38) . The majority of patients were transported as high priority and most patients were transported to a hospital with an acute stroke care service. Three percent of patients were transferred from the initial hospital to another facility with higher levels of care. This management is consistent with stroke guideline recommendations (1, 2, 19) . This study has several limitations. It was a retrospective review of prospectively collected data. A strength of the study was the single ambulance service providing emergency road ambulance services for all Western Australia that facilitates consistency in clinical practice. As in previous studies (28, 39) , the limitations of using the ED discharge diagnosis as the comparator is acknowledged but access to the hospital discharge diagnosis was unavailable. However, the ED discharge diagnosis is often based on diagnostic tests that are simply not available in the pre-hospital setting. Notwithstanding this, the ED discharge diagnosis does not always concord with the final hospital diagnosis. An important limitation is having only one ED discharge diagnosis and one paramedic problem code for each patient care episode, as it relies on clinician judgement as to which is the most important condition. The FAST criteria to identify stroke were only reported in half the cases. When evaluating the reporting of FAST, it cannot be assumed that patients did not have relevant signs or symptoms: they may not have been documented by paramedics on the ePCR or FAST may not have been used and this should be considered when interpreting the study results. Further, the limited data on 'FAST' may affect the interpretation of the sensitivity and specificity.
Conclusion
It is unclear whether problems of paramedic assessment are failure to apply FAST, failure to detect positive FAST signs, or failure to record FAST findings. Systematic assessment and documentation using a stroke scale is likely to improve documentation that may lead to better management of these patients.
